provided by the states) as the second stage. Full details of the study design have been published previously 1, 7) .
Information was collected on the two most recent blood exposures that occurred in the previous year for each of five routes of exposure. The five routes were needle/lancet sticks (after the instrument had been used on a patient); cuts from sharp objects; mucous membrane exposures to the eyes, nose, and mouth; blood contact with non-intact skin; and bites from patients. In this report, we describe details of the needle/lancet-stick, mucous membrane, and non-intact skin exposures. These three routes accounted for 90% of the overall blood exposure incidence rate in this study 1) . (The present analysis was based on up to two exposures for each route whereas the incidence rates 1) were based on all exposures during the study period. Because of this restriction and item nonresponse, the number of exposures/exposed paramedics in this report is less than the number in the previous incidence rate report 1) ).
The questionnaire can be viewed at www.constellagroup. com/paramedicquestionnaire. SAS version 9.1 (SAS Institute, Cary, NC) was used to calculate proportions adjusted for unequal probabilities of selection and clustering. Sampling weights were adjusted for nonresponse. The study was approved by the Human Investigation Committee of the University of Virginia.
Results
The adjusted response rate was 55% (n=2,664). Respondents were predominantly white, non-Hispanic males. More than 70% were 30 to 49 yr old, and more than 60% had greater than 5 yr of experience. Because the sample was designed to provide precise estimates of incidence rates 1) , the number of exposure events in the present analysis is relatively small and some of the estimated proportions have wide confidence intervals.
Needle and lancet sticks
Information was provided on 124 events that occurred to 117 paramedics. Ninety percent (95% confidence interval: 82, 98) of needle/lancet sticks were to the fingers or hand. The paramedic was wearing disposable gloves in 85% (95% CI: 78, 92) of the events. The devices had been used primarily for three purposes: 47% (95% CI: 23, 71) for intravenous procedures; 33% (95% CI: 20, 45) for blood draw/fingersticks; and 19% (95% CI: 5.9, 32) for injections.
Non-safety intravenous catheters and lancets accounted for over half of these percutaneous injuries. Overall, 80% of the events involved non-safety devices (Table 1) . Of the safety devices involved in these injuries, 48% (95% CI: 17, 87) had defective safety features, and the safety feature had not been activated on an additional 33% (95% CI: 8.6, 58).
About a third of the needle/lancet sticks occurred when the paramedic was disposing of the device, and a fourth occurred when the paramedic was using the device to administer care to a patient. In addition, a sixth of the events occurred when he/she was putting something in the sharps container. The latter category may include some cases in which the paramedic was putting the offending device in the sharps container, but we think that most such instances would have been reported as "disposing of the needle/lancet," which appeared earlier in the list of response options (see Table 2 ).
Twenty percent of the needle/lancet sticks occurred when the emergency vehicle lurched. At least 10% of the devices had been improperly disposed of, such as in linens or the seat cushion (see Table 2 ).
Mucous membrane exposures
Information was provided on 138 mucous membrane exposure events that occurred to 127 paramedics; 4.7 (95% CI: 0.9, 8.5), 71.8 (95% CI: 62.7, 81.0), and 23.5 (95% CI: 15.2, 31.8) percent of the events were exposures to the nose, eyes, and both the nose and eyes, respectively. There were no blood exposures to the mouth.
Half of the events occurred when the paramedic was resuscitating a patient. Two-thirds of those events involved resuscitating an intubated patient. An additional fifth of the events occurred when the paramedic was restraining a patient (see Table 3 ).
Over a third of the events occurred when the patient was being uncooperative or combative. over half of the events, the exposures were caused by the patient vomiting, spitting, or coughing up blood or fluid containing blood (see Table 3 ). A third of the exposures occurred even though the paramedic was wearing eye protection, a face mask, or a fullface shield. For exposures that occurred when the paramedic was not wearing this protective equipment (twothirds of the exposures), three response options were listed in the questionnaire to indicate why not: "It wasn't handy," "I didn't have time," and "I didn't think I'd need it." Each of these reasons was indicated for 20%-40% of the exposures for each of the three types of equipment. Additional reasons given for not wearing the protective equipment were that it was uncomfortable or fogged up and that it was not provided. However, the reason for not wearing eye protection was not given for almost 40% of the events (see Table 4 ).
Non-intact skin exposures
Information was provided on 286 non-intact skin exposure events that occurred to 203 paramedics. The paramedic was wearing disposable gloves in 83% (95% CI: 77, 90) of the events overall, 74% of exposures to the hand, and 99% of exposures to the arm. Two-thirds of the non-intact skin exposures were to the paramedic's hand and one-third were to his/her arm. In half of the events, the non-intact skin was broken but not covered before the call. In a third of the events, the nonintact skin was covered before the call but the cover did not prevent exposure. In two-thirds of the events, the paramedic was either extricating a patient or attending to a bleeding wound. Over 40% of the events occurred when the patient was being uncooperative or combative (see Table 5 ).
Discussion
We calculated the proportion of blood exposure events that were characterized by various circumstances. Because the sample size was based on providing precise estimates of incidence rates 1) , the number of exposure events in the present analysis is relatively small and some of the estimated proportions have wide confidence intervals. The purpose of this analysis was to identify cir-OCCUPATIONAL BLOOD EXPOSURE EVENTS IN U.S. PARAMEDICS cumstances that occurred more frequently and therefore might indicate directions for intervention to reduce blood exposure in paramedics. However, because these data are available only for paramedics who experienced a blood exposure, they can not be used to quantify the risk associated with particular circumstances or to identify risk factors for blood exposure. In other words, we could not compare circumstances surrounding blood exposure events with comparable data for paramedics who did not experience a blood exposure. Despite these limitations, these data contain unique information that can potentially aid emergency medical service management, policy makers, researchers, and paramedics in preventing occupational blood exposure 8) . First, we found that 80% of the needle/lancet sticks occurred with non-safety devices. Considered in the context of earlier findings from this study-that the incidence rate of needle/lancet sticks was much lower 1) and the use of safety devices was much higher 7) in California compared to the U.S. as a whole-this suggests that, as with hospital health care workers [9] [10] [11] , increased use of safety devices by paramedics would reduce paramedics' risk of blood exposure. Furthermore, we reported previously that provision of safety devices by the employer was a major determinant of safety device use by paramedics 7) . Others have shown that increased training in the use of safety devices increases hospital health care workers' use of these devices 12) , and over 20% of paramedics in our study expressed the need for more training in the use of safety devices 7) . Taken together, these findings suggest that increased provision of safety devices to paramedics and increased training in how to use them could reduce paramedics' blood exposure from needle/lancet sticks.
Secondly, two-thirds of exposures to the eyes and nose occurred when the paramedic was not wearing protective equipment to prevent these exposures. The reasons given for not wearing protective equipment suggest that design and engineering improvements to make the equipment acceptable to users and readily accessible when needed could increase use and reduce mucous membrane exposures 6) .
Thirdly, a substantial number of exposures occurred when the paramedic was taking precautions: one-third of exposures to the eyes and nose occurred when the paramedic was wearing protective equipment, 20% of the needle/lancet sticks occurred when the paramedic was using safety devices (the safety feature was defective or not activated), and over 80% of the non-intact skin exposures occurred when the paramedic was wearing gloves (but not necessarily other protective clothing). All of this suggests that further improvements in the design of devices and equipment and increased training are needed to protect paramedics from occupational blood exposure 13) .
Finally, a large proportion of the mucous membrane and non-intact skin exposures occurred when the patient was being uncooperative or combative. This suggests the need for training in techniques to reduce blood exposures when treating such patients and research to develop improved techniques for this situation 14) .
Conclusion
Our results suggest that occupational blood exposure among paramedics could be reduced through increased use of safety-engineered devices and personal protective equipment and increased compliance with Universal Precautions. Although provision of safety devices by the employer is important for reducing needle/lancet sticks 1) , recent research suggests that organizational and psychosocial factors are also important for reducing paramedics' blood exposure 15, 16) . Studies of hospital health care workers have found that provision of other resources (such as training), structural factors (such as work loads), and workers' perceptions of management's commitment to worker safety have a strong effect on compliance with Universal Precautions, use of safety devices, and risk of blood exposure [17] [18] [19] [20] . Intervention strategies for paramedics should take into account the complex relationships of organizational, structural, and psychosocial factors that affect blood exposure 15, 21) .
Our data are now more than five years old, and it is likely that newer devices and equipment are in use and that management and paramedic practices related to compliance with Universal Precautions have changed. Given the large worker population at risk and the high rate of blood exposure 1) , updated data and continued surveillance seem warranted.
